In 2004, a subset of a translocated population of gopher tortoises (n = 14; Gopherus polyphemu s) were captured to determine the overall health of individuals and to investigate the prevalence of selected pathogens. Additionally, ultrasonography and endoscopic visualization of the reproductive tract were compared as methodologies to accurately determine sex and reproductive status. Tortoises were premedicated with butorphanol and induced with propofol. The hematology and biochemical profile values obtained were within the reference ranges previously reported for gopher tortoises. Tortoises were parasitized with Alaeuris spp. of pinworms and trichostrongyles. Ten of the tortoises (71%) were also parasitized by hemogregarines. None of the animals had clinical signs indicative of acute upper respiratory disease (URTD); however, six animals had signs consistent with previous upper respiratory infections. One tortoise had an antibody titer against Mycoplasma agassizii, considered to be positive, while an additional five animals had antibody titers considered to be "suspect." We failed to detect Mycoplasma sp., Salmonella sp., or Chlamydophila sp. DNA from any of the animals. In general, morphometric characteristics reliably predicted the correct sex in the majority of animals that were >15 yr of age. When compared to endoscopy, ultrasound examination of the gonads was accurate for sex determination in 57% of the tortoises examined and was 86% accurate in animals >15 yr of age. Ultimately, endoscopy provided the most accurate method for determining sex in chelonians, particularly in juveniles or during nonreproductive seasons.
INTRODUCTION
The gopher tortoise (Gopherus polyphemus) occurs throughout the Coastal Plain of the southeastern United States (Fig. 1) . Their most historically important habitat is the longleaf pine (Pinus palustris) ecosystem, which has been reduced to <3% of its former extent (Ware et al., 1993) .
Gopher tortoises prefer open-canopy habitats with deep sandy soils including pine forests, sandhills, and ruderal habitats such as pastures and utility and transportation corridors (Hermann, 1993; Baskaran et al., 2006) . These open habitats provide gopher tortoises the opportunity to thermoregulate by basking and also help promote growth of the herbacous understory vegetation upon which gopher tortoises forage. A primary characteristic of this species is their propensity for digging large burrows, up to 3 m deep and 12 m long (Hallinan, 1923; Hansen, 1953) , in which they spend much of their time. Gopher tortoises are surprisingly social and, where habitat conditions are favorable, gopher tortoises (and their burrows) tend to be aggregated (Baskaran et al., 2006) . Mating behavior can occur in the active season (Johnson et al., 2007) , March-October, throughout much of their range but is year-round at the southern extremes. Nesting activity is concentrated between May and July, with females typically laying a single clutch of 3-9 eggs although, occasionally, an individual female will not lay a clutch of eggs in a given year (Ernst and Lovich, 2009) . Adult gopher tortoises require 10-20 yr to mature, depending on habitat quality and geographic location Mushinsky et al., 1994) , and are estimated to live for over 50 yr (Landers, 1980; Miller, 2001) . Gopher tortoises exhibit classic Type-III survivorship with extremely low survivorship of eggs and hatchlings (<5%; [Pike and Seigel, 2006] ) and high survivorship of adults (≥98%; [Ashton and Burke, 2007, Tuberville et al., 2008] ).
The gopher tortoise receives some legal protection at the state level throughout its range, is listed as Vulnerable on the IUCN Red List (www.iucnredlist.org, accessed 23 January 2011), and is an Appendix II species of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (www.cites.org, updated 14 October 2010) . The gopher tortoise is listed as federally threatened in the western portion of its range (west of Mobile and Tombigbee Rivers, Alabama; USFWS, 2011) and is currently under consideration for listing throughout its range (USFWS, 2011) . Gopher tortoises are often considered to be a keystone species (Eisenberg, 1983) , largely because their burrows provide refuge for more than 300 documented commensal species (Jackson and Milstrey, 1989; Kaczor and Hartnett, 1990; Hermann, 1993) including other rare vertebrates such as the gopher frog (Rana capito), eastern indigo snake (Drymarchon couperi), and eastern diamondback rattlesnake (Crotalus adamanteus). Gopher tortoises face a variety of conservation threats including habitat loss, habitat degradation (especially from fire suppression), mortality from vehicular trauma, illegal collection for food, and disease (Smith et al., 2006) . As a result of development, gopher tortoises are the most-frequently translocated species in the United States (Seigel and Dodd, 2000) .
Several important diseases have been associated with morbidity and mortality in free-ranging gopher tortoises, including upper respiratory tract diseases (URTD) due to Mycoplasma agassizii and, more recently, an Iridovirus (Westhouse et al., 1996; Brown et al., 1999; Johnson et al., 2008) . In addition, infection with Chlamydophila has been confirmed as a poorly appreciated pathogen of tortoises and may represent an emerging and, as yet, undocumented threat (Hotzel et al., 2005) . Furthermore, many complicating factors such as the type and virulence of the pathogen, the demographic effects of the pathogen on the population, and the size of the host population determine the consequences of disease infection status for wildlife populations (McCoy et al., 2007) . Population management strategies commonly applied to tortoises, such as release of rehabilitated individuals and translocation of wild populations, have previously been implicated as having negative consequences for tortoise populations . In particular, translocation of wildlife can promote inadvertent movement of pathogens from one region to another, expose a naïve population of hosts at the recipient site, or modify host immune defenses and pathogen transmission dynamics during translocation activities (e.g., aggregation at high densities, shipping, confinement, or other manipulations). Therefore, pretranslocation disease risk assessment, surveillance, and monitoring are recommended to avoid such effects (Woodford and France, 2000; Mathews et al., 2006) . Due to the low fecundity and late maturation of gopher tortoises, early determination of sex and an evaluation of reproductive function by biologists investigating this species are vital for the application of management strategies, such as translocation and captive breeding, and for predicting their outcome. Specifically, tortoise biologists often utilize ultrasonography to determine the sex and reproductive status; however, other more-sensitive methods like endoscopy are increasingly available (Hernandez-Divers et al., 2009b) . Following completion of a detailed physical examination, a nasal flush was performed by placing the tortoises in dorsal recumbency with their necks outstretched. The tip of a sterile 1.7 mm polypropylene catheter (Covidien, Mansfield, MA) was carefully inserted into the choana and 5 ml of sterile 0.09% saline was slowly infused into the catheter. The exiting drainage was collected from the external nares (Fig. 2) into a sterile glass vacutainer tube (Becton-Dickinson Inc., Franklin Lakes, NJ). SP4 medium (Tully et al., 1979) was immediately added to half of the nasal wash, at a volume of 10% of the flush volume, for Mycoplasma spp. testing. The sample was refrigerated at 4°C (39.2°F) until submission, which occurred before 7 days from time of collection. This technique presented less opportunity for contamination and allowed for higher volume recovery than would instilling saline through one naris and collecting drainage from the other. The remaining half of the nasal flush was collected for Chlamydophila spp. testing. Blood was collected from the right jugular vein with 0.4 ml placed into an EDTA tube (Microtainer Tubes, Becton Dickinson Inc.), 1.8 ml placed into lithium heparin plasma separator tubes (Microtainer Tubes, Becton Dickinson Inc.), and a fresh blood smear made from the last drop of blood in the syringe. Total blood collection did not exceed 0.5% body weight, and samples were analyzed immediately for complete blood cell counts. Feces were frequently voided during handling, but were otherwise collected directly from the cloaca-colon and immediately submitted for direct and flotation examinations.
Each animal was then placed in right lateral recumbency and a standard left prefemoral ultrasonographic examination of the caudodorsal coelom was undertaken using a 6.5 MHz transducer as previously described (Stetter, 2006) . The ultrasonographer was allowed 15 min per animal to identify and measure the size of the gonads. Once the ultrasonographic examination was complete, the left prefemoral fossa was aseptically prepared and a standard left coelioscopic examination was performed using a 2.7 mm × 18 cm 30° telescope within a 4.8 mm operating sheath connected This study had two major objectives. The first was to determine the overall health of individuals and investigate the prevalence of selected pathogens in a free-ranging gopher tortoise population shortly following translocation to a previously unoccupied site. This study also contributes important disease surveillance information for a population of gopher tortoises that originated in Georgia and were translocated to South Carolina, where health and disease data are lacking. The second objective was to compare external morphology, ultrasonography, and endoscopy to determine the relative accuracy of each method to identify sex. In addition, endoscopy and ultrasonography were performed to determine the sensitivity of the less-invasive ultrasound technique as a screening tool for determination of reproductive status, particularly in subadults for which external sexually dimorphic traits were not yet fully developed.
MATERIALS AND METHODS
One hundred and six free-ranging animals were translocated in 2001 from a development site in McIntosh County, Georgia to the Savannah River site in Aiken County, South Carolina. This site is in the historical range of the species but does not have an extant population ( Fig. 1) . The population at the recipient site had been monitored via radiotelemetry for 2 yr prior to this study as part of an on-going investigation to determine post-translocation site fidelity and spatial ecology (Tuberville et al., 2005) . In the spring of 2004, a subset of the translocated population, consisting of 15 adult and subadult animals, were captured by hand or by use of live wire traps at burrow entrances and were transported to the College of Veterinary Medicine (CVM), University of Georgia, Athens, Georgia. At the CVM, the animals were placed in a temporary holding area in individual plastic containers where they were maintained at 25.5-29.4°C (78-85°F). All procedures were performed in a separate laboratory area (maintained at the same temperatures) and were approved by the University of Georgia's Institutional Animal Care and Use Committee (#A2004-10149-c2).
An external physical examination was performed on each animal and a body weight (to nearest 1 g), carapace length (CL, to nearest 1mm), and resting respiratory and heart rates were recorded. Any signs of external injury or abnormality were recorded. The sex was initially predicted by the field biologists based on plastral concavity and CL as described in Tuberville et al. (2005) . Sex was later confirmed by endoscopic evaluation. Age was estimated for immature tortoises by the biologists based on counting plastral scute annuli (Germano, 1988; Zug, 1991) . Each animal was premedicated with 1 mg/kg butorphanol (Torbugesic, 10 mg/ml, Fort-Dodge Animal Health, Ft. Dodge, IA) administered by intramuscular injection, followed 30 min later by induction using 6 mg/kg propofol (PropoFlo, 10 mg/ml, Abbott Animal Health, Abbott Park, IL) given intravenously into the dorsal coccygeal vein. Once relaxed and nonresponsive (no withdrawal reflexes), an uncuffed endotracheal tube was placed into the trachea and anesthesia was maintained and controlled using isoflurane (Isoflo, Abbott Animal Health) in 100% oxygen delivered by manual intermittent positive-pressure ventilation at a rate that matched the resting respiratory rate for that individual. To determine the health of a translocated population of gopher tortoises, a subset were recaptured, anesthetized and examined. A nasal flush was obtained by placing an anesthetized animal in dorsal recumbency, flushing sterile saline with a catheter through the choana, and collecting the discharge from the nares.
to an endovideo camera, monitor, xenon light source, and CO 2 insufflation at 0.5 L/min and 3-5 mmHg (Karl Storz Veterinary Endoscopy Inc., Goleta, CA) (Divers et al., 2010) . Once insufflation was sufficient, the coelom, and specifically the caudodorsal region, was explored to determine the reproductive status of the animal. An attempt was made to directly measure the gonad by inserting a flexible, finediameter mm ruler through the operating channel into the coelom. At the end of the endoscopic procedure and following the evacuation of CO 2 , 20 ml/kg of 0.45% NaCl and 2.5% dextrose fluids with 5 mg/kg enrofloxacin (Baytril, Bayer HealthCare, LLC Animal Health Division, Shawnee Mission, KS) was instilled into the coelomic cavity. The skin was closed using tissue adhesive (Nexaband, Abbott Animal Health). Tortoises were placed on an upside down plastic bowl ("plastron stand"), such that the legs would not touch the ground (to facilitate ventilation), inside a small animal incubator and monitored until fully recovered.
Hematologic and biochemical profiles were performed by the University of Georgia CVM's Clinical Pathology laboratory and included hematocrit, plasma protein, total white blood cell count (WBC), and differential leukocyte counts (Campbell, 2006; Martinez-Jimenez et al., 2007) . Heparin blood tubes were centrifuged at 5,000 g for 5 min to yield plasma for Mycoplasma serology; leftover plasma was used for biochemical analyses using a BM Hitachi 912 chemistry analyzer (Hitachi Nissei Sangyo America Ltd., Indianapolis, IN). Values for globulin were calculated from measured total protein and albumin. Nasal flushes and plasma were shipped to the University of Florida for Mycoplasma serology and polymerase chain reaction (PCR) assays as previously described (Brown et al., 2001; Wendland et al., 2007) . Fecal samples were floated using sodium nitrate (Fecosol, Vétoquinol USA, Inc., Buena, NJ) and standard techniques. The remaining nasal flush and fecal samples were submitted to the University of Georgia Infectious Disease Laboratory for detection of Chlamydophila spp. and Salmonella DNA via PCR.
RESULTS
Physical examinations and disease surveillance-The population included nine female and five male tortoises. The estimated age of the animals (based on presence of distinct annuli) ranged from 9-19 (mean: 14) yr. All animals were in good body condition. Tables 1 and 2 summarize the demographic, hematological, and biochemistry profile data. Six animals exhibited abnormalities of their respiratory tract such as asymmetrical nares (n = 3, 21.4%), asymmetrical choanal openings (n = 1, 7.1%), and evidence of fibrosis or erosion, or both, of the choana (n = 2, 14.2%) (Fig. 3) . One of the 14 tortoises (male; 7.1%) had an antibody titer Table 1 . Fourteen gopher tortoises translocated from Georgia to South Carolina were recaptured 2 yr post-release and examined as part of a health assesment study. Blood was collected for a complete blood cell count from ten animals. ID = identification, CL = carapace length, Wt = weight, HCT = hematocrit, WBC = white blood cell count, NA = not available. Table 2 . Fourteen gopher tortoises were anesthetized and examined after translocation from Georgia to South Carolina. Biochemistry profiles were performed. ID = identification, Alb = albumin, AST = aspartate aminotransferase, Ca = calcium, Chol = cholesterol, CK = creatine kinase, Glu = glucose, LDH = lactate dehydrogenase, P = phosphorous, T. prot = total protein, Trig = triglyceride, UA = uric acid, BA = bile acids, Na = sodium, K = potassium, Cl = chloride, Bicarb = bicarbonate, Amy = amylase, NA = not available. against Mycoplasma agassizi considered to be positive (1:64). An additional four animals (females; 30.7%) had an antibody titer considered to be "suspect" (1:32). Table 3 provides a summary description of the respiratory lesions and the serologic results. Other incidental findings included a missing digit of the forelimb (n = 1, 7.1%) and a chronic injury to the maxilla (n = 1, 7.1%). Neither Salmonella spp., Chlamydophila spp., or Mycoplasma spp. DNA were detected from any of the 14 animals tested. All 14 tortoises had high numbers of pinworms, and moderate numbers were parasitized with trichostrongyloidea ova in their feces. Ten of the tortoises (71.4%) were also parasitized by hemogregarines. Table 4 summarizes the comparison between the biologists' determination of sex (based on external morphological characteristics) and the results of the ultrasonographic and endoscopic examinations of 14 tortoises. In general, morphometric characteristics reliably predicted the sex in the majority of animals that were >15 yr of age (n = 5/7; 71.4%). In younger animals, sex was either impossible to identify (and marked "unknown," 5/7; 71.4%), Table 3 . Thirteen gopher tortoises previously translocated from Georgia to South Carolina were recaptured and carefully examined for evidence of respiratory lesions. Serum was tested for antibodies against Mycoplasma agassizii. ID = identification, NSF = no significant findings. therapy, administration of doxapram (4 mg/kg IV, Dopram-V, Ft. Dodge Animal Health), and prolonged positivepressure ventilation (>2 h). One of the animals (ID = 95) recovered without additional complications. The second animal (ID = 86) required two doses of doxapram and a dose of dexamethasone (1 mg/kg IV, dexamethasone sodium phosphate injectable, Elkins Sinn, Cherry Hill, NJ) prior to recovery, which took 6 h. This tortoise suffered permanent neurologic damage exhibited by hind limb paresis and chronic gastrointestinal ileus for more than 6 wk. Given her poor prognosis for full recovery and release, she was euthanized. The tortoise that fully recovered from anesthetic complications (ID = 95) was subsequently monitored using radiotelemetry until June 2006 and was captured on six occasions during that time period. During each observation or encounter, the female tortoise appeared healthy and behaved normally. Three (IDs = 48, 62, 151) of the tortoises that did not experience obvious anesthetic complications during the health assessment procedures did subsequently disperse from the release site during 2004. These three animals dispersed from the location of their previously established home ranges by 1.2-3.0 km (0.7-1.9 mi), despite having apparently settled in the release area prior to their capture for health assessments. In contrast, only one (ID = 36, male) of the seven tortoises that were not part of the health assessment study, but were monitored using radiotelemetry, dispersed from the release site in 2004. Unlike the tortoises that participated in the health assessment study and subsequently dispersed, ID 36 had made multiple attempts to disperse from the release site in previous years (2002, 2003) .
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DISCUSSION
Physical examinations and disease surveillance-The hematology and biochemistry values obtained for this group of gopher tortoises fall within the ranges previously reported (Taylor and Jacobson, 1982; Carpenter, 2005) . These values did not indicate any sign of clinical disease, although they should be interpreted in the context of the season in which they were obtained, as significant seasonal variations in the hematology and biochemistry of terrestrial tortoises have been reported (Taylor and Jacobson, 1982; Christopher et al., 1999) . The pinworm ova were identified as Alaeuris spp. (Bouamer et al., 2001) . The trichostrongyloidea ova could not be characterized further without recovering adult worms. The clinical significance of the heavy and moderate loads of intestinal parasites is unclear.
Although common in aquatic turtles, this represents the first report of a hemogregarine infection in a gopher tortoise (Telford, 2009) . Morphologic characteristics of the intraerythrocytic gametocytes are not sufficient to distinguish among the different species; thus, molecular characterization would be needed to determine the specific species of hemoprotozoan. This was not pursued in this study. Hemogregarines in tortoises have been reported to be transmitted by ticks (Cook et al., 2009) . Ticks were found and removed at the time of translocation, but were not observed during the examination detailed here, nor have they been recovered during any recapture event since. The clinical significance of hemoparasite infections of individual reptiles is likely to be dependent on the level of infection and other environmental stressors.
None of the animals examined had clinical signs indicative of URTD; however, five animals had signs consistent due to a lack of distinct morphological characteristics, or was incorrectly assigned (2/7, 28.6%). When compared to endsocopy, ultrasound examination of the gonads was accurate for sex determination in 57.1% (8/14) of the tortoises examined. Ultrasound correctly assigned sex in 85.7% (6/7) of animals older than 15 yr of age. In animals 15 yrs or younger, ultrasound was only able to accurately predict the sex of two animals (2/7; 28.6%). Endoscopic examination was able to clearly determine sex in all animals of all ages (Fig. 4) .
Chemical immobilization-The combination of butorphanol as a premedicant, followed by IV administration of propofol for induction, proved efficacious to rapidly achieve a surgical plane of anesthesia that allowed for manipulations for the aforementioned procedures. In the majority of animals, the time from induction to spontaneous movement averaged 100 min (range: 60-120). The heart rate averaged 30 beats per minute (bpm) (range: 20-50) and the respiratory rate was maintained via positive-pressure ventilation at approximately 10-15 breaths per minute. Two of the tortoises (14.3%), both females, developed severe cardiorespiratory depression (heart rate below 15 bpm and a lack of spontaneous breathing) and required supportive measures such as additional parenteral fluid with previous upper respiratory infections. Chronic infections and lesions of the upper respiratory tract may negatively influence the foraging capabilities of individuals through adverse effects on olfaction. Mycoplasma agassizii is the primary etiologic agent of URTD in tortoises. However, clinical signs of mycoplasmosis may be present intermittently; thus, an infected tortoise may appear clinically ill or healthy at any given time. In addition, clinical signs of URTD can overlap with other infectious agents including Mycoplasma testudineum (Brown et al., 2004) , herpesvirus (Johnson et al., 2005) , Iridovirus (Westhouse et al., 1996) , Chlamydophila spp. (Hotzel et al., 2005) , Pasteurell a testudinis (Snipes and Biberstein, 1982) , Pseudomonas spp. (Dickinson et al., 2001) , and other noninfectious agents such as hypovitaminosis A. The enzymelinked immunosorbent assay (ELISA) used in this study detected antibody titers against Mycoplasma spp. in six individual tortoises. The two potential explanations for the discrepancy between clinical signs and serological evidence include: 1) tortoises were previously infected, but were not currently displaying overt clinical disease; and 2) the population tested was not truly infected by Mycoplasma agassizii; respiratory lesions were caused by another Mycoplasma, or another pathogen for which they were not tested, and the ELISA assay utilized possibly allowed for cross-reaction. The ELISA methodology currently used at the University of Florida has been improved to further rule out cross-reactions, but these refinements had not taken place at the time these animals were tested (Wendland et al., 2007) . The PCR used to test these tortoises has nearly 100% sensitivity and 60% specificity for nucleotide sequences of the 16s rRNA gene of Mycoplasma (Brown et al., 1995) . However, it has been shown that PCR is significantly less sensitive when animals are not exhibiting overt clinical signs. Thus, it is possible that, in our study, DNA was not shed in sufficient quantity to be detected, even in infected individuals (McLaughlin, 1997; Brown et al., 2002) .
This study represents the first report of a gopher tortoise testing serologically positive for Mycoplasma in the state of Georgia. Although these tortoises were translocated into an area from which gopher tortoises had been extirpated, the introduction of Mycoplasma spp. could affect a sympatric species, such as the box turtle (Terrapene carolina) (Feldma n et al., 2006) . Understanding of the effects of URTD on both individuals and populations is essential for proper management of remaining and translocated populations. Therefore, further work to determine the true status of this population, as well as studies which elucidate the status of URTD and mycoplasmosis, is highly recommended.
Chemical immobilization-The use of butorphanol for premedication and propofol for induction for the chemical immobilization of chelonians is widely accepted and has been successfully used by the authors in other chelonian species (Schumacher, 1996; Schumacher and Yelen, 2006) . However, both drugs can cause dose-dependent cardiac and respiratory depression in reptiles (Schumacher and Yelen, 2006) . Based on our results, a more reliable intravenous technique, or an intramuscular alternative combination of anesthetics such as medetomidine-ketamine-morphine, might be safer than a coccygeal tail injection in terrestrial tortoises (Hernandez-Divers et al., 2009a) . Unfortunately, a necropsy was not performed on the tortoise that was euthanized and, thus, the cause of hind limb paresis and gastrointestinal ileus remains unknown.
Sex determination-As stated, morphological characteristics could predict sex accurately only in tortoises >15 yr of age because characteristics do not start becoming distinct until tortoises attain ≥180 mm CL and may not be fully developed until individuals reach ≥230 mm CL (Landers et al., 1982; Aresco and Guyer, 1999) . Ultrasonography was not as sensitive as direct visualization of the gonads with endoscopy in animals ≤15 yrs, particularly if the tortoise was not reproductively active. This is likely because of the lack of flexibility of the scanning planes due to the limited space to maneuver the transducer in the prefemoral fossa; this is despite the fact that these animals were fully anesthetized and the hind limb was pulled caudally, providing the ultrasonographer the largest area for scanning. Most ultrasonographic examinations performed by biologists are done under physical restraint, which is likely to further decrease accuracy. Ultimately, endoscopy provides the most accurate method for determining sex in chelonians, particularly in juvenile or nonreproductive seasons (Hernandez-Divers et al., 2009b) . However, practitioners should carefully consider the potential physiological effects of anesthesia, stress, and other invasive techniques that may manifest as behavioral changes in wild animals. In the case of endoscopic sex determination in neonatal chelonians, general anesthesia was actually shown to be preferable and was not associated with any adverse effects compared to animals that were not anesthetized (Hernandez- Divers et al., 2009b) .
